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Abstract 
The quality of Earth observation satellites’ products can be evaluated through the comparison of these 
quantities with those derived from ground measurements. In the perspective of the operational start of the Global 
Change Observation Mission-Climate (GCOM-C) satellite carrying the Second-generation Global Imager sensor 
(SGLI) , the quality of aerosols properties retrieved from actual and comparable satellites, such as the Terra- and 
Aqua- Moderate Resolution Imaging Spectroradiometer (Terra- and Aqua-MODIS), is assessed with ground 
measurements from three SKYNET (observation network to understand aerosol-cloud-radiation interaction) sites, 
located in the southern part of Japan. In this assessment, two major aerosols properties, the aerosol optical 
thickness (AOT) and the Ångström exponent (Alpha), derived from skyradiometers measurements of the 
SKYNET sites are compared with the retrievals from two Terra- and Aqua-MODIS satellites’ algorithms for a 
period of 2 years (2008 and 2009). Results of these comparisons show overall similarities in the monthly and 
seasonal variations of the aerosols quantities between these data sets. However the magnitude of this variation 
shows some differences between the ground data and one of the MODIS algorithms. The retrievals from this 
algorithm appear consistently overestimated for the AOT (thicker layers) and underestimated for Alpha 
(dominance of coarser particles). Possible causes of these tendencies are investigated with particular emphasis on 
the aerosol size distribution assumption used for the satellite retrievals and the contamination by clouds.    
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1. Introduction 
Operational remote sensing of aerosols from long-term 
satellites provides a means to achieve global and seasonal 
characterization of aerosols (Remer et al, 2005). Ground 
measurements, though very dispersed are generally used to 
evaluate and improve the quality of satellites’ derived 
geophysical properties.  In the perspective of the future 
launch of the GCOM-C/SGLI polar orbiting satellite, the 
performance of atmospheric products (the aerosol optical 
thickness and the Ångström exponent) derived from actual 
and comparable (to the GCOM-C/SGLI) satellites are 
evaluated with ground measurements of three SKYNET 
sites located in the southern part of Japan. The satellite 
observations used for this purpose are from Terra- and Aqua- 
MODIS satellites. The evaluations are aimed at highlighting 
and discussing the difficulties, associated with accurate 
aerosols retrievals, which should be addressed by the tools 
used to derive atmospheric properties of future satellites. The 
ground sites, against which the satellites’ retrievals are 
evaluated, are located on islands and have been recording 
atmospheric radiation and climate data on a regular basis for 
at least 5 years. 
 
2. Observation data 
The aerosols properties examined in this study are the 
AOT and Alpha. The satellite data used to derive these 
properties are from the Terra- and Aqua-MODIS polar 
orbiters while ground measurements are obtained from three 
SKYNET sites located close to the sea:  Fukue-jima, 
Hedo-Misaki, and Miyako-jima (to be called here, 
respectively Fukue, Hedo and Miyako). Figure 1 shows a 
satellite image of the AOT distribution around these sites. 
The AOT values here are mostly around 0.4. On these sites, 
skyradiometers made by PREDE, Japan as well other 
observation instruments record atmospheric radiation and 
various climate variables. The skyradiometers, measure the 
direct solar irradiance and diffuse sky radiances at the 
following wavelengths: 315, 400, 500, 675, 870, 940 and 
1020 nm for the POM-01 type radiometer and at 4 
additional channels (340, 380, 1627 and 2200 nm) for the 
POM-02 type radiometer. These skyradiometers have been 
calibrated by the improved Langley method at each site 
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(Tanaka et al., 1986; Nakajima et al., 1996a, Nakajima et al., 
2003) and the error of the calibration constants is believed to 
be less than 2% (Nakajima et al., 2003). Aerosols properties 
derived from two algorithms using Terra- and Aqua- 
MODIS radiances are evaluated against the SKYNET sites’ 
(to be named here Ground) measurements. These algorithms 
are: the National Institute for Environmental Studies, Japan 
algorithm (to be named here NIES) and the National 
Aeronautics and Service Administration, USA algorithm (to 
be named here NASA). 
 
3. Description of the MODIS aerosol algorithms 
The satellites’ aerosols properties evaluated in this study 
are the products of two algorithms: NIES and NASA. Each 
of these algorithms is indeed two entirely independent 
algorithms, one for deriving aerosols over land and the 
second for aerosols over ocean. Over the land the aerosol 
optical thickness is derived using the dark target approach. 
The NASA land algorithm as described in Kaufmann and 
Tanre (1998) uses the measured radiance at 3 channels: 0.47, 
0.66, and 2.13 μm channels, while over the ocean, the 
aerosol optical thickness is provided in seven wavelengths 
from 0.47 to 2.13 μm. The radiances of these channels are 
inverted into the aerosol optical thickness and the volume 
distribution (in the range of 0.08-5 μm radius). In the 
inversion, it is assumed that the aerosol size distribution   
is bi-modal log-normal. The AOT as well as 
secondarily-derived size parameters, among which Alpha 
are stored on a resolution of 10x10 pixels. The steps in the 
land retrievals are as follows: to determine the AOT, surface 
reflectance (after ozone and water vapor amount corrections) 
is first estimated (through reflectances at 2.13 μm). These 
estimated surface reflectances at 0.47 and 0.66 μm and the 
measured mean-of-atmosphere reflectances at 0.47 and 066 
μm are used as input into the chosen model’s LUT to 
retrieve values for the AOT, fluxes and other parameters. A 
full second retrieval is made from the appropriate model’s 
LUT. The final step in the process is to interpolate the values 
at 0.47 and 0.66 μm using an Ångström law in order to 
report optical thickness and flux values at 0.55 μm. 
The NIES algorithm retrieves the AOT at 0.50 μm, and 
Alpha from two channels (visible and NIR) radiance data 
(Nakajima, T., and A. Higurashi, 1997, Nakajima, T., and A. 
Higurashi, 1998, Higurashi, A., and T. Nakajima, 1998). 
Satellite-received radiances are synthesized with four 
look-up tables (LUTs). It is clear that the strategy for the 
aerosol retrieval is based, as in the NASA algorithm, on 
look-up the table (LUT) approach, i.e., radiative transfer 
calculations are pre-computed in terms of the aerosol and 
surface parameters. For retrievals, the ancillary data needed 
include wind velocity at 10 meter height, ozone and water 
vapor amount to correct radiance for surface reflectance, 
ozone and water vapor absorption. The assumption of the 
aerosol optical model uses a bi-modal log-normal volume 
spectrum for modeling the aerosol size distribution: 
 
Where, subscript n indicates the mode number, , 
  ,  are adopted for the 
parameters of the modeled volume spectrum, and the 
complex refractive index of  is used in 
this retrieving scheme. 
 
4. Comparisons of aerosols properties 
The average aerosols quantity from daily satellite images 
in an area of 100*100 km surrounding each SKYNET site is 
chosen for the comparison with the nearest matching time 
ground data record. The analysis covers a period of 2 years 
(2008-2009). Figure 2 presents the histograms of the 
distribution of the aerosols properties as derived from the 
ground observations. The average AOT and Alpha between 
the sites are found to vary between 0.27 and 0.36 then 0.97 
and 1.05 respectively. The distribution is mostly uni-modal 
to bi-modal. The AOT mode is at 0.4 for Fukue and Hedo, 
while the 2 modes of Miyako are at 0.7 and 0.4.  The 
northernmost site, Fukue shows a sharper mode, while the 
two other sites have more flattening in the AOT distribution. 
The case of the latter two sites may suggest a mixture of 
aerosols of various origins while the former case (bell shape 
distribution) would indicate a more unique origin of the 
aerosols at that site.  
Figure 3 presents the correlation between the aerosols 
properties measured from skyradiometers and those 
retrieved from the NIES and NASA algorithms. There is a 
better 1:1 alignment between the ground data and the 
MODIS-NASA properties while the MODIS-NIES 
retrievals constantly overestimate the AOT and 
underestimates Alpha. Between the three sites, the best 
alignment for both AOT and Alpha with the MODIS-NIES 
is at the northernmost site of Fukue, which has been 
previously identified as presenting a likely unique origin in 
its aerosols. The worst underestimation of Alpha values in 
both algorithms is at the southernmost site of Miyako 
(probably the most contaminated aerosols). These smaller 
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Alpha values of the satellite retrievals compared to the site 
data suggest that the aerosols detected by both algorithms 
are dominated by larger size particles. In both algorithms the 
largest AOT (>0.75) appear to be underestimated compared 
to the ground data. The monthly and seasonal change of 
AOT and Alpha reflect the differences in the magnitude of 
these parameters between the ground and the satellite 
retrievals though the short term variation trends as well as 
their peak and low episodes are well reflected on the satellite 
data. 
Possible factors at the origin of these differences may 
range from the size distribution model assumption used in 
the retrieval of the aerosols properties to the cloud 
contamination.. 
 
5. Discussion 
The differences in cloud properties between the satellite 
retrievals and the ground measurements are discussed in 
terms of the assumed size distribution used in the satellite 
retrievals and the cloud contamination. 
As noticed earlier both NIES and NASA algorithms use a 
bi-modal log distribution assumption for the aerosols 
retrievals. There is a good correlation between the NASA 
data and the ground data. This would suggest that the size 
assumption used would be valid. This confirms also that the 
ground data are of high quality. A lower correlation between 
the ground data and the NIES retrievals was noticed earlier 
(Figure 2). A previous study, comparing the ADEOS-II/GLI 
retrievals (using a similar version of the algorithm of 
MODIS-NIES) with ground data (Takamura et al., 2009) 
confirm these tendencies and, uses the ground size 
distribution of the SKYNET sites to improve the initial 
satellite retrievals. 
The cloud environment surrounding the retrieved aerosols 
can affect the proper detection of the aerosols properties. To 
study this effect, the clouds encountered in the same area 
where the aerosols properties are averaged are compared to 
these aerosols. The cloud parameters taken into account are 
the cloud fraction (CF), the cloud top pressure (CTP) and the 
cloud optical depth (COD). The examination of the clouds 
occurrence above the three SKYNET sites studied (Fukue, 
Hedo and Miyako) shows the dominance of low level 
clouds (63, 77 and 80% of total at the respective sites) and 
more specifically stratocumulus (37, 56 and 55% of total at 
the respective sites). At the same time, the average cloud 
amount estimated is 51, 55, 64% at the respective sites. It 
appears that the strongest discrepancies between the aerosols 
properties of the satellite retrievals and those of the ground 
occur at the most cloudy site (Miyako). 
 
6. Conclusion 
In this study, difficulties in the estimation of the 
atmospheric aerosols properties were examined. These 
pertain to the quality of the aerosol model size distribution 
assumption and the impact of clouds. The comparison of 
both the AOT and Alpha retrieved from the satellites with 
ground measurements showed a certain agreement in the 
variation trend of these aerosols properties. However the 
magnitude of this variation seems to differ mostly between 
one of the satellites retrievals and the ground measurements. 
And these differences do not follow a specific seasonal 
pattern and seem to be more accentuated in the 
southernmost site. The ground AOT distribution suggests 
there may be varied sources in the aerosol load at this site. 
Also it is the cloudiest of the three sites examined. This 
study suggests that particular attention should be paid to the 
size distribution model assumption and the corrective 
methods related to the cloud radiation scattering for aerosols 
retrievals from future satellites such the GCOM-C/SGLI. 
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Figure 1. Satellite retrieved AOT on 2008.02.19 at 02:05 and SKYNET sites location 
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Figure 2. AOT and Alpha histogram distributions at the SKYNET sites. 
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Figure 3a. AOT comparison between ground measurements (x-axis)  and satellite retrievals (y-axis). . 
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Figure 3b. Similar to figure 3a but with Alpha.. 
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